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Cooling the Hot Momentum Beam 

after the Tev Shots

Chandra Bhat and Lionel Prost

RR Meeting
May 28, 2008

(preliminary)

Chandra Bhat

Primary Goal: Cool the leftover hot momentum pbars in 

the Recycler more efficiently with our cooling systems.

Investigate possibility of cooling the large off momentum 

antiprotons in the Recycler using e-cool (off energy and 

on axis)

May 28, 2008
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Particles with ∆E in 

-- Reg. 1 are sent to the Tevatron

-- Reg. 2 end up in the high Momentum  bkt.

-- Reg. 3 are DC beam 

Typically <4% of the beam will be left back 

after the Tev shots with

-- RMS Momentum spread ~ 5 MeV/c 
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Chandra Bhat

-- RMS Momentum spread ~ 5 MeV/c 

-- Large LE (95%) 

-- Large Transverse Emittance 
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Beam in the hot momentum bucket

After expanding the hot momentum bucket to 

300 bkts, for this beam 
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Chandra Bhat

300 bkts, for this beam 

-- RMS Momentum spread ~ 5 MeV/c 

-- 95% width from Schottky data >23 MeV 

-- LE (95%) ~149 eVs 

-- Transverse Emittance ~ 8 pi
23.6-23.6 4.7-4.7 14.71-14.1
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Currently, the beam is cooled using stochastic as well as e-cool for about half hour before 

AR�RR pbar transfer. But, within the bandwidth of longitudinal stochastic cooling system 

(.5-1 GHz) the particle in Reg. 2 and higher end of Reg. 1 are less affected. This happens 

even during regular cooling.  

Can we cool the beam efficiently? And what we have learnt from this study?
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Drag-rate Measurements
(Prost et. al. EPAC2006, 1654)

&  Inferences from Drag-rate data
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In the current case by adding two standard 

rf barrier pulses we can increase the bucket 

height from   17.5 MeV ���� 24.8 MeV
which captures all DC beam.



RR Barrier         

bkt

Experiments 

Capturing all dc beam particles below +/-25 MeV (by 

widening the barrier pulses)

Transverse Cooling on/off

Longitudinal cooling on/off

0.1 Amp of e-beam on axis

I used the stochastic cooling 

parameters were set by Lionel

Chandra Bhat

0.1 Amp of e-beam on axis

e-beam energy varied from ±9kV to 0kV in certain fashion

� To drag the pbars from about ±20 MeV towards the core

� Keep e-energy for a longer time on high ∆E-pbars and for a shorter  
time on the low ∆E-pbars 
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R:GVMVLT and Schottky Data 

Typical Cooling
After Tev shot 6148, 080518-1 After Tev shot 6149, 080519-1

Standard Cooling
�Normal T & L –

stochastic cooling
�e-beam on energy 

and on axis

Special cooling study 
�T-stochastic cooling on
�L-stochastic cooling off
�e-beam on axis and 

energy is changed in 1kV step

Special cooling study
�T&L-stochastic cooling off
�e-beam on axis and 

energy is changed in 1kV steps

Chandra Bhat

rr-schottky-hi-mmnt-cooling-080518.xls
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rr-schottky-hi-mmnt-cooling-080525.xls

R:GVMVLT and Schottky Data (cont.)

After Tev shot 6164, 080525-1 Special cooling study

�T-stochastic cooling on

�L-stochastic cooling off

�e-beam on axis and 

energy is changed with varying step

Chandra Bhat

rr-schottky-hi-mmnt-cooling-080525.xls
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Conclusions

� Without stochastic cooling and 

with e-cooling alone, the dragging 

of high momentum pbars was 

very slow. 

� With transverse stochastic cooling 

on,  L- cooling off, the dragging of 

the high momentum pbars was 

noticeable. About 25% of the 

beam were dragged  in about  30 

min. 



RR Barrier         

bkt

Future Plans 

rr-schottky-hi-mmnt-cooling-080525.xls

-90

-85

-80

-75

-70

-65

d
B

m

Final (16:39), dE(e) = -1 kV

(16:25), dE(e)=0 kV

Apply similar e-cooling technique for 
dragging high momentum particles 

into the core between two AR����RR 
pbar transfer with

� Transverse stochastic cooling on

� Longitudinal stochastic cooling off

� 0.1 Amp of e-beam on axis

� e-beam energy varied from -9kV to 0 kV 

Chandra Bhat

-100

-95

-90

-40 -30 -20 -10 0 10 20 30 40

dE (MeV)

� e-beam energy varied from -9kV to 0 kV 

in about 30 min.

� This would help reducing the shoulder

in Schottky data.

Investigate possibility of using           
e-beam on axis but slightly off energy, 

so that the longitudinal phase space 

density is always lower than 
instability limit

Try increasing the e-beam intensity 
while cooling
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Chandra Bhat


